In this paper, the cost of child rearing is estimated in order to examine the hypothesis that the recent fertility decline in Japan has been caused by increases in the cost of child rearing. Although there are various ways to estimate the cost of children, the research uses an equivalence scale. The results of the traditional Rothbarth estimation showed that the cost of child raising in Japan is not very high. However, the results of the equivalence scale estimation using "satisfaction for the income" as the utility measure showed that the cost of child raising is much higher than calculated in the Rothbarth model. The latter subjective scale approach is now said to have more advantages. Thus, the cost of child raising in Japan is much higher than was believed to be the case, and this could be one of the reasons for the decline in the fertility rate in Japan.
Introduction
My paper examines why, in Japan, the total fertility rate (TFR) has been in decline since 1973, reaching the low level of 1.29 in 2003, which is far below the replacement rate of 2.08. Also recently, the delay of childbearing among young married couples is said to account for more than half of this decline (Suzuki 2000) . The high cost of child rearing, resulting from greater expenditure on children and parental funding of their children's higher education, is said to be one of the causes of this delay. Therefore, in this research, the cost of child raising is estimated using an equivalence scale to analyze whether child rearing costs are very high in Japan or not.
There are many research publications on the equivalence scale. Deaton and Muellbauer (1986) suggested measuring this cost using the Engel or Rothbarth models of the equivalence scale. Tsakloglou (1991) , Melenberg and Soest (1996) , Charlier (2002 ), Mutoh (1992 , Suruga (1993 Suruga ( , 1995 , Nagase (2001) and Suruga and Nishimoto (2001) undertook such estimations using Japanese data. Recently, Perali (2002) showed the legitimacy of the Engel model of the equivalence scale, and Van Praag and Warnaar (2003) carried out an extensive survey. The contribution of this paper is that an income satisfaction measure is estimated for the first time with Japanese data. In addition, Japanese panel data is used extensively for the first time to estimate Equivalence Scale.
Equivalence Scale
Following Van Praag and Warnaar (2003) , I consider a household utility of
while y is the household income, and z is the household composition. I define ( )
as the household cost function to attain the utility level u , given the price p . Moreover, I assume that households of the same composition have an identical preference, which in turn leads to an identical household cost function. If 0 z denotes a reference household type, then,
is the equivalence scale with respect to the reference household 0 z . There are several different ways to measure the cost of children with an equivalence scale, such as the Engel and the Rothbarth models. The complete demand system approach and subjective scale approach are very different from the Engel and Rothbarth models. Here, two of these methods are used. The first is the Rothbarth model and the second is the use of an income satisfaction measure (subjective scale approach). According to the Rothbarth model, the goods and services consumed by a household can be divided into two groups: those consumed exclusively by adults ("adult goods"), and those that are usually consumed jointly by adults and children ("other goods"). It is assumed that the level of a couple's welfare is determined solely by their consumption of adult goods. In this way, the Rothbarth model assumes a very specific utility function.
On the other hand, in the second method, how a couple feels about their income, that is, their relative satisfaction level with their income, is used to represent the couple's welfare level. In this model, a general utility function is allowed, since the welfare level of adults is directly measured.
Data
The data used in this research are Japanese Panel Survey on Consumers (JPSC) from the Household Survey by the Institute for the Research on Household Economics. The data consist of observations for the seven years between 1993 and 1999. The survey started with 1,500 women aged between 24 and 34 (cohort A), and 500 women aged between 24 and 27 were added from 1997 (cohort B). Among these observations, only the data on married women are used in the research because out-of-wedlock births are still rare in Japan. The variable definition is shown in Table 1 and the summary statistics of the pooled data are shown in Table 2 .
For the estimation of the Rothbarth model, we need the data on the expenditure on "the adult goods", such as alcohol or adult clothing. Although the Household Survey does not have the data on expenditures on all consumer goods, it does have the data on the monthly expenditures for the whole household, including husband, wife, children, and other family members. Following Suruga and Nishimoto (2001) , I treat the "expenditure for wife" and "expenditure for husband" as the expenditure for adult goods, and the sum of the two expenditures is combined into one variable: ExpenHusWi.
For the estimation using "satisfaction with income", I used the variable IncomeSatisf, which takes the discrete values from 1 to 4, where 4 means the highest satisfaction with current income. This variable is constructed from the question, "are you satisfied with your current income?"; 4 means "very satisfied", 3 "mostly satisfied", 2 "relatively unsatisfied", and 1 denotes "very unsatisfied". This variable can be obtained only from the third year (1995) until the last year (1999).
Estimation Results
Firstly, the estimated equation for the Rothbarth model is:
where LnExpTotal is the logarithm of the monthly total expenditure for the household, and j n is the number of children in each age category. Then, the equivalence scale for one child in age category j can be easily calculated as ( ) i j α α − exp (Deaton and Muellbauer 1986) . This equivalence scale is equal to the total expenditure for the comparison household to reach the same consumption level of "adult goods" as the reference household, divided by the total expenditure of the reference household.
The estimation results for the Rothbarth model are shown in Table 3 . The random effects model is shown to give us the efficient and consistent estimator, as the results of the Hausman test and Breusch-Pagan tests. All of the random effect coefficient estimates are statistically significant to a 1% level, and the cost of children from the calculated equivalence scale for child age ranges is 1.13 for a child aged 0−18, 1.124 for a child aged 0−6, 1.26 for a child aged 7-13, and 1.26 for a child aged 14-18. These figures mean that 12.4% of the expenditure of married couples is needed to raise a child aged 0 to 18 years. These estimates are consistent with other Japanese research (e.g., Mutoh 1992; Suruga 1993 Suruga , 1995 Nagase 2001) .
If we review the Rothbarth estimates from other countries, Deaton and Muellbauer (1986) obtained 1.12 with data from Sri Lanka between 1969 and 1970 , and Deaton, RuizCastill and Thomas (1989 showed 1.22 for a child aged 5 to 8 using data from Spain between 1980 and 1981. In addition, Tsakloglou (1991) had estimates of 1.091 for a child aged 0 to 5 and 1.130 for child aged 6 to 13 with data from Greece during 1980 and 1981. Japanese results are similar to these estimates. Secondly, the estimation result with satisfaction with income is shown in Table 4 . This type of estimation with an income satisfaction measure has recently become popular since it allows us to directly measure the utility level without using some very specific utility function (Van Praag and Warnaar 2003) . The estimated equation is:
The estimates with OLS, ordered probit, random effect ordered probit, and fixed effect are shown in Table 4 .
2 The estimates obtained here exhibit much higher figures than those from the Rothbarth model. The Rothbarth model used the utility function of the parents, which depends solely on their consumption of adult goods. Using the direct income satisfaction measure as the utility enables researchers to avoid using this extreme utility function. Thus, as this estimation method is more desirable it has been used more frequently in recent research (e.g., Melenberg and Soest 1996; Charlier, 2002) . According to Table 4 the cost of a child aged 0−18 years is between 1.386 and 1.475. For each age group, it is between 1.280 and 1.454 for a child aged 0−6, 1.277 to 1.407 for the age range 7−13 years and 2.090 to 4.329 for the age range 14−18. The high cost of a child aged 14 to 18 years may reflect the high cost of education. This estimation, using income satisfaction and Japanese data, is utilized for the first time in this paper, and the estimation results are much higher than the existing estimate results of the Rothbarth or Engel models.
3 Therefore, these estimates imply that the cost of child rearing in Japan has been higher than the level shown in previous literature. Therefore, the question arises, do Japanese couples choose to have fewer children, but spend more on each of them?
Conclusion and Further Research
In this paper, the cost of children is estimated in two ways, based on equivalence scales using panel data from Japan. Although the traditional Rothbarth model showed that the cost of children is not high, the estimation results of the new subjective scale approach showed that the cost of children is significantly higher in Japan. Therefore, this high cost may be one of the causes of low fertility. The empirical investigation of the influence of these high costs on the fertility rate will be the focus of future research.
